ABSTRACT Pulmonary alveolar macrophages were obtained by saline lavage from 23 healthy male volunteers-10 non-smokers and 13 cigarette smokers. Lavage produced three times as many alveolar macrophages in smokers than in non-smokers. When macrophages from smokers and from non-smokers were incubated in vitro, more cells from smokers adhered to glass, spread out, and showed enhanced nitroblue tetrazolium (NBT) reduction. The surface morphology of alveolar macrophages from smokers showed more with a plate like appearance and ridge like membrane surface, while the macrophages from non-smokers were predominantly spherical with ruffles. The proportions of cells which stained highly for , f galactosidase were 55% in smokers and 11% in non-smokers. Thus, in a resting state in vitro, alveolar macrophages from smokers were more active than those from non-smokers. When, however, macrophages from smokers and non-smokers were incubated with immunobeads and with opsonised or non-opsonised BCG, the phagocytic activity and stimulated NBT reduction of alveolar macrophages from smokers were similar to or somewhat less than those of non-smokers.
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Alveolar macrophages act as a main cellular defence for the lung against inhaled microorganisms and other particles. ' Potential damage to these cells by cigarette smoke could lead to microbial infection and parenchymal damage, possibly mediated through excessive release of several reactive products of alveolar macrophages, including both oxidative agents and lysosomal enzymes.23 Many studies have therefore been directed at the function and biochemistry of alveolar macrophages but data on functional differences between alveolar macrophages from smokers and non-smokers have often been contradictory.4 Furthermore, few have described quantitative differences in both cellular morphology and function.
The aims of the present study were (1) to evaluate the functional differences between alveolar macrophages from smokers and non-smokers with respect to adherence and spreading, phagocytosis, nitroblue enzymes, and (2) to evaluate the relationship between surface morphology and function.
Our results indicate that in the unstimulated condition alveolar macrophages from smokers appear more active than those from non-smokers in both surface morphology and function. Their responsiveness to foreign bodies or bacteria, however, was equivalent or somewhat inferior to that of nonsmokers when determined by phagocytosis and by NBT reduction, which reflects superoxide production by the cells.5 6 
Methods

SUBJECTS
The 23 healthy male volunteers were medical students or physicians in our university. Ten were nonsmokers and 13 were cigarette smokers. All the smokers had a history of more than five pack years, were currently smoking more than one pack per day, and had done so for more than one year before the study. The mean age of the non-smokers was (range [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] Macrophages which stained 2+ to 4+ for the lysosomal enzyme were considered active alveolar macrophages. '2 13 SCANNING ELECTRON MICROSCOPY Alveolar macrophages monolayers for scanning electron microscopy were obtained from six non- Table 1 lists the results of the recovery ratio of bronchoalveolar lavage fluids and total and differential cell counts. The total cell number recovered from smokers was on average three times that from non-smokers (p < 0-001), although the recovered volumes of fluid showed no significant differences. In the differential cell counts a significantly greater percentage of alveolar macrophages was found in the fluid of the smokers.
When the cells were incubated at the same concentration of alveolar macrophages, twice as many adherent macrophages were observed in the monolayers of smokers as of non-smokers (p < 0-001, NBT reduction when the macrophages phagocytosed opsonised BCG but not non-opsonised BCG (p < 0.05). But, except for decreased NBT reduction of macrophages from smokers which phagocytosed opsonised BCG no differences were observed between macrophages from smokers and nonsmokers.
These results indicate that, in a resting state, alveolar macrophages from smokers are more active than alveolar macrophages from non-smokers but that their responsiveness to foreign matter or bacteria is the same or less.
LYSOSOMAL ENZYMES
Histochemical methods showed apparent differences in activity between acid phosphatase and /8 galactosidase in human alveolar macrophages. Generally, the former was highly active and the latter relatively inactive. The proportion of cells strongly positive (2+ to 4+) for acid phosphatase among the macrophages was 97% in smokers and 89% in nonsmokers (p < 0-01) (table 4). In the case of cells highly positive for ,B galactosidase, however, the proportions were 55% in smokers and 11 % in nonsmokers (p < 0-001). Monocytes from either smokers or non-smokers stained no more than 1+ for both enzymes. These results show that a histochemical study for ,8 galactosidase is useful as a marker of local activation in human alveolar macrophages, and that the lysosomal enzyme activities of macrophages in smokers are increased.
Discussion
The results in this report clearly show that in a resting state in vitro alveolar macrophages from smokers differ from those of non-smokers in surface morphology and function. The characteristic features of alveolar macrophages from smokers are similar to those of activated macrophages as judged by our criteria of macrophage activation. In our experimental system, macrophages activated in vitro or in vivo by various stimulants show enhancement of adherence, spreading, and NBT reduction, accompanied by increases in superoxide production and antibacterial activity.67 The plate like appearance and adherence to glass polygonally with ridge like cell surface are also consistent with the surface morphology of activated macrophages. '4 As our previous report showed, perturbation of cell membranes of alveolar macrophages correlated well with enhanced production of superoxide by the cells. '5 Activation of the alveolar macrophages of smokers in the resting state may be induced locally in the lung by stimulation by particulate matter present in smoke. Warr and Martin'6 reported a strong correlation between lysosomal enzyme activity and yellow brown pigmentation in alveolar macrophages from smokers. This is consistent with our finding that the lysosomal enzyme /3 galactosidase was much higher in alveolar macrophages from smokers than from non-smokers, whereas human monocytes from either group stained at best weakly for this enzyme. Beta galactosidase can be useful as a marker of local activation of macrophages in man as well as in animals because this enzyme is increased locally by immunologically specific and non-specific stimulation. '7 Because the number of lavaged cells was small, qualitative NBT reduction by alveolar macrophages was performed to observe the superoxide production indirectly. In our experimental system more than half of the NBT reduction by alveolar macrophages was due to superoxide.6 Thus the observation that macrophages from smokers showed enhanced NBT reduction indicates that the cells produce superoxide excessively and release it extracellularly. Superoxide and its derivatives, highly toxic oxidants, could cause injury to the lung parenchyma or to the macrophages themselves. This might in turn lead to release of lysosomal enzymes, including proteolytic substances, which are particularly related to the pathogenesis of emphysema. 23 The enhanced activity of the alveolar macrophages of smokers in the resting state might be favourable to the handling of foreign materials and bacteria, though the functional enhancement might lead to tissue injury in other ways. Superoxide is a major component of the bactericidal agents of macrophages as well as of polymorphonuclear leucocytes, and lysosomal enzymes participate in the digestion of ingested particles or killed bacteria in phagosomes.'7 18 Our results, however, showed that the responsiveness of alveolar macrophages from smokers to immunobeads and opsonised or nonopsonised BCG was equivalent to or less than that of non-smokers with respect to phagocytosis and stimulated NBT reduction. In other words, macrophages from non-smokers are fully capable of reacting against foreign materials and bacteria, with or without opsonic requirements. Thus chronic stimulation of alveolar macrophages by particulate matter present in cigarette smoke may be harmful Surface morphology and function of human pulmonary alveolar macrophages rather than beneficial to the lung defence by macrophages.
Finch et a14 recently summarised many of the general observations concerning differences between alveolar macrophages from smokers and nonsmokers, and they reported that the data on functional differences were In relation to the appearances on scanning electron microscopy, Finch et a13I reported that alveolar macrophages from smokers had a greater incidence of rounded cells, surface ruffles, filopodia, and multiple surface features, while macrophages from non-smokers had greater incidences of spreading cells and featureless cells. The cells from smokers also showed depressed phagocytosis.2' The observations of this group are virtually opposite to ours. The discrepancy may be due to the differences in the experimental conditions. They held the cells over wet ice at 4°C in a centrifuge tube for about six hours during shipping from hospital to laboratory, whereas we cultured immediately after havesting of the cells. Conceivable the preservation could impair the morphology and function of highly activated cells more than of non-activated, resting cells. In our present study no attempt was made to separate the alveolar macrophages from other cells to avoid procedures after lavage that could affect the results. Almost all of the adherent cells were macrophages, however, and contamination by lymphocytes and polymorphonuclear leucocytes was negligible. Other results23 26 30 support our findings that the cell yield in smokers increased threefold to fourfold, and that over 90% of the cells were macrophages.
In summary, our results suggest that chronic stimulation of cigarette smoke is harmful for lung defence as assessed by both morphology and function of alveolar macrophages.
